EP 2 461 345 A2

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 461 345 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
06.06.2012 Bulletin 2012/23

(21) Application number: 11009554.4

(22) Date of filing: 02.12.2011

(51) IntCl.:

HO1H 71/08 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 02.12.2010 US 985566

(71) Applicant: Eaton Corporation
Cleveland, OH 44114-2584 (US)

(72) Inventors:

* Beatty, William, E., Jr.
Beaver Brighton
PA 15009 (US)
¢ Zhou, Xin
Wexford
PA 15090 (US)

(74) Representative: Wagner, Karl H.

Wagner & Geyer
Gewiirzmiihistrasse 5
80538 Munich (DE)

(54) Configurable electrical switching apparatus including a plurality of separable contacts and
a plurality of field-configurable jumpers to provide a number of poles

(57)  Anelectrical switching apparatus (100;200;300;
400) includes at least one pole (102;202;302;402); a plu-
rality of first terminals (104;204;304;404); a plurality of
second terminals (106;206;306;406); a plurality of pairs
of separable contacts (108;208;308;408); and a plurality
of field-configurable jumpers (110;210;310;410). Each of
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the plurality of field-configurable jumpers electrically con-
nects two of the pairs of separable contacts in series.
Each of the plurality of field-configurable jumpers are
electrically connected to: (a) two of the first terminals
(204), (b) two of the first terminals (304;404) or two of
the second terminals (306;406); or (c) one of the first
terminals (104) and one of the second terminals (106).
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Description

BACKGROUND

Field

[0001] The disclosed concept pertains generally to
electrical switching apparatus and, more particularly, to
circuit breakers including a plurality of separable con-

tacts.

Background Information

[0002] U.S. Patent No. 6,614,334 discloses a series
arrangement of two circuit breaker mechanisms. The in-
terruption performance of the circuit breaker is deter-
mined by the "current limitation of series arcs," which
provides two arcs in series, thereby having twice the re-
sistance of a single arc.

[0003] It is known to connect multiple poles of circuit
breakers in series to provide a high voltage for a low
voltage switching and interruption device (e.g., without
limitation, 750 VDC; 1000 VDC; 1500 VAC).

[0004] Circuit breakers are typically available in one-,
two-, three- and four-pole construction, although larger
counts of poles are possible.

[0005] For a 1000 VDC application, typically multiple
circuit breakers are tied together. Most known existing
six-pole or eight-pole air circuit breakers are designed
such that the poles are electrically connected internally
in breaker structures in a predetermined manner. This
limits the flexibility of wiring the six-pole or eight-pole cir-
cuit breakers in switchgear and switchboards.

[0006] There is room for improvement in electrical
switching apparatus, such as circuit breakers including
a plurality of separable contacts.

SUMMARY

[0007] These needs and others are met by embodi-
ments of the disclosed concept, in which an electrical
switching apparatus comprises: at least one pole; a plu-
rality of first terminals; a plurality of second terminals; a
plurality of pairs of separable contacts; and a plurality of
field-configurable jumpers, each of the plurality of field-
configurable jumpers electrically connecting two of the
pairs of separable contacts in series, each of the plurality
of field-configurable jumpers being electrically connected
to: (a) two of the first terminals, (b) two of the first terminals
or two of the second terminals; or (c) one of the first ter-
minals and one of the second terminals.

[0008] N may be an integer count of the at least one
pole; the N of the plurality of first terminals may be input
terminals; the N of the plurality of second terminals may
be output terminals; two of the pairs of separable contacts
may be electrically connected in series for each of the at
least one pole; and each of the N of the plurality of field-
configurable jumpers may be electrically connected be-
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tween one of the plurality of first terminals that may be
not one of the input terminals and one of the plurality of
second terminals that may be not one of the output ter-
minals.

[0009] The atleast one pole may be the integer count
N of a plurality of poles structured to power an AC load
having the integer count N of a plurality of phases.
[0010] Each of the plurality of field-configurable jump-
ers may be electrically connected to the one of the first
terminals and the one of the second terminals.

[0011] N may be an integer count of the at least one
pole; the N of the plurality of second terminals may be
input terminals; the N of the plurality of second terminals
may be output terminals; two of the pairs of separable
contacts may be electrically connected in series for each
of the at least one pole; and each of the N of the plurality
of field-configurable jumpers may be electrically connect-
ed between two of the plurality of first terminals.

[0012] Each of the plurality of field-configurable jump-
ers may be electrically connected to the two of the first
terminals.

[0013] Two of the plurality of first terminals may be
input terminals; two of the plurality of second terminals
may be output terminals; N may be an integer count of
the plurality of field-configurable jumpers; two of the pairs
of separable contacts may be electrically connected to
the outputterminals; half of the N field-configurable jump-
ers may electrically connect half of the pairs of separable
contacts in series between one of the input terminals and
one of the output terminals; the other half of the N field-
configurable jumpers may electrically connect the other
half of the pairs of separable contacts in series between
the other one of the input terminals and the other one of
the output terminals; and the output terminals may be
structured for electrical connection to a load.

[0014] One of the plurality of first terminals may be an
input terminal; another one of the plurality of first termi-
nals may be an output terminal; N may be an integer
count of the plurality of field-configurable jumpers; one
of the pairs of separable contacts may be electrically con-
nected to the input terminal; another one of the pairs of
separable contacts may be electrically connected to the
output terminal; the N of the plurality of field-configurable
jumpers may electrically connect the pairs of separable
contacts in series between the input terminal and the
output terminal; and the input terminal and the output
terminal may be structured to receive the series combi-
nation of a load and a power source.

[0015] Each of the plurality of field-configurable jump-
ers may be electrically connected to the two of the first
terminals or two of the second terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A full understanding of the disclosed concept
can be gained from the following description of the pre-
ferred embodiments when read in conjunction with the
accompanying drawings in which:
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Figures 1-4 are block diagrams in schematic form of
terminals, separable contacts and jumpers of elec-
trical switching apparatus in accordance with em-
bodiments of the disclosed concept.

Figures 5-8 are isometric views of the electrical
switching apparatus of Figures 1-4, respectively.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0017] As employed herein, the term "number" shall
mean one or an integer greater than one (i.e., a plurality).
[0018] As employed herein, the term "fastener" shall
mean screws, bolts and the combinations of bolts and
nuts (e.g., without limitation, lock nuts) and bolts, wash-
ers and nuts.

[0019] As employed herein, the term "electrical con-
ductor" shall mean a wire (e.g., solid; stranded; insulated;
non-insulated), a copper conductor, an aluminum con-
ductor, a suitable metal conductor, or other suitable ma-
terial or object that permits an electric current to flow eas-
ily.

[0020] As employed herein, the term "low voltage"
shall mean a voltage less than or equal to about 1000
VAC or about 750 VDC.

[0021] As employed herein, the term "high voltage for
a low voltage device" shall mean greater than a "low volt-
age" and up to approximately 1500 volts, although this
may be slightly higher depending upon the application
but no more than 2000 volts.

[0022] As employed herein, the statement that two or
more parts are "connected" or "coupled" together shall
mean that the parts are joined together either directly or
joined through one or more intermediate parts. Further,
as employed herein, the statement that two or more parts
are "attached" shall mean that the parts are joined to-
gether directly.

[0023] The disclosed concept is described in associa-
tion with six-pole circuit breakers (i.e., having six pairs of
separable contacts), although the disclosed concept is
applicable to a wide range of electrical switching appa-
ratus having eight poles (i.e., having eight pairs of sep-
arable contacts) or any other suitable plurality of poles.
[0024] An example six-pole air circuit breaker as dis-
closed herein can include terminals accessible for every
pole for both high voltage (for a low voltage device) AC
and DC applications. With accessibility to terminals of
each pole, the six-pole circuit breaker can be wired or
otherwise configured in different ways. For example, with
six poles electrically connected in series, it can be used
for applications with systems voltages over 600 VDC.
With two poles tied in series, for instance, it can be used
for three-phase applications over 600 VAC.

[0025] In a "potentially grounded load", the system
ground could be either at the power end or at the load
(at the site).

[0026] The disclosed concept can be employed, for
example and without limitation, for "green" systems (e.qg.,
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wind and solar segments).

[0027] Referring to Figures 1-4, configured electrical
switching apparatus, such as circuit breakers
100,200,300,400, include atleast one pole. For example,
three configured poles 102,202 are shown in respective
Figures 1 and 2, and one configured pole 302,402 is
shown in Figures 3 and 4, respectively. The circuit break-
ers 100,200,300,400 further include a plurality of first ter-
minals 104,204,304,404, a plurality of second terminals
106,206,306,406, a plurality of pairs of separable con-
tacts 108,208,308,408, and a plurality of field-configura-
ble jumpers 110,210,310,410, respectively. Each of the
plurality of field-configurable jumpers 110,210,310,410
electrically connects two of the respective pairs of sep-
arable contacts 108,208,308,408 in series. Each of the
plurality of field-configurable jumpers 110,210,310,410
is electrically connected to: (a) two of the first terminals
204 as shown with the jumpers 210 in Figure 2, (b) two
of the first terminals 304,404 or two of the second termi-
nals 306,406 as shown with the jumpers 310,410 in Fig-
ures 3 and 4, respectively, or (c) one of the first terminals
104 and one of the second terminals 106 as shown with
the jumpers 110 in Figure 1.

[0028] It will be appreciated that the example circuit
breakers 100,200,300,400 can be the same or similar
devices except for the specific example configurations
of the various field-configurable jumpers
110,210,310,410.

Example 1

[0029] For example, with reference to Figure 1, N=3 is
anon-limiting example integer count of the three example
poles 102. N of the plurality of first terminals 104 are input
terminals. N of the plurality of second terminals 106 are
output terminals. Two of the pairs of separable contacts
108 are electrically connected in series for each of the
three example poles 102. Each of N of the plurality of
field-configurable jumpers 110 is electrically connected
between one of the plurality of first terminals 104 that is
not one of the input terminals and one of the plurality of
second terminals 106 that is not one of the output termi-
nals. For example, the circuit breaker 100, as configured
in Figure 1, can input three input phases 112 (as shown
in phantom line drawing) (e.g., without limitation, phases
A, B and C from an example three-phase power source
(not shown)) and output three output phases 114 (as
shown in phantom line drawing) (e.g., without limitation,
phases A, B and C to an example three-phase load (not
shown)).

Example 2

[0030] The three example poles 102 are structured to
power an AC load (not shown) having three example
phases. It will be appreciated, however, that any suitable
number of phases can be employed for either AC or DC
loads.
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Example 3

[0031] For example, with reference to Figure 2, N=3 is
an example non-limiting integer count of the three exam-
ple poles 202. N of the plurality of second terminals 206
are input terminals. N of the plurality of second terminals
206 are output terminals. Two of the pairs of separable
contacts 208 are electrically connected in series for each
of the three example poles 202. Each of N of the field-
configurable jumpers 210 is electrically connected be-
tween two of the plurality of first terminals 204. For ex-
ample, the circuit breaker 200, as configured in Figure
2, caninput three input phases 212 (as shown in phantom
line drawing) (from an example three-phase power
source (not shown)) and output three output phases 214
(as shown in phantom line drawing) (to an example three-
phase load (not shown)).

Example 4

[0032] The three example poles 202 are structured to
power an AC load (not shown) having three example
phases. It will be appreciated, however, that any suitable
number of phases can be employed for either AC or DC
loads.

Example 5

[0033] For example, with reference to Figure 3, two of
the plurality of first terminals 304 are input terminals, two
of the plurality of second terminals 306 are output termi-
nals for aload 312 (shown in phantom line drawing), N=4
is an example integer count of the plurality of field-con-
figurable jumpers 310, two of the pairs of separable con-
tacts 308 are electrically connected to the output termi-
nals for the load 312, half (N/2=2) of the N field-config-
urable jumpers 310 electrically connect half of the pairs
of separable contacts 308 in series between one of the
input terminals 304 and one of the output terminals for
the load 312, and the other half of the N field-configurable
jumpers 310 electrically connect the other half of the pairs
of separable contacts 308 in series between the other
one of the input terminals 304 and the other one of the
output terminals for the load 312.

Example 6

[0034] The example load 312 is a DC load, and the
example pole 302 is structured to power the DC load.
For example, the circuit breaker 300, as configured in
Figure 3, can input one DC input 314 (as shown in phan-
tom line drawing) (from an example DC power source
(not shown)) and output one DC output 316 (as shown
in phantom line drawing) to the example DC load 312.

Example 7

[0035] For example, with reference to Figure 4, one of
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the plurality of first terminals 404 is an input terminal,
another one of the plurality of first terminals 404 is an
output terminal, N=5 is an integer count of the plurality
of field-configurable jumpers 410, one of the pairs of sep-
arable contacts 408 is electrically connected to the input
terminal, another one of the pairs of separable contacts
408 is electrically connected to the output terminal, N of
the plurality of field-configurable jumpers 410 electrically
connect the pairs of separable contacts 408 in series
between the input terminal and the output terminal, and
the input terminal and the output terminal are structured
to receive the series combination of a load 412 and a
power source 414.

Example 8

[0036] The example load 412 is a DC load, and the
pole 402 is structured to power the DC load. For example,
the circuit breaker 400, as configured in Figure 4, can
input one DC input from the DC power source 414 (as
shown in phantom line drawing) for the DC load 412.

Example 9

[0037] Figures 5-8 shows the respective circuit break-
ers 100,200,300,400. It will be appreciated that the sep-
arable contacts 108,208,308,408 of Figures 1-4, respec-
tively, are not shown along with the corresponding circuit
breaker operating mechanism (not shown) and trip unit
(not shown).

[0038] As shown in Figure 5, each of the field-config-
urable jumpers 110 is an electrical conductor including
a first planar portion 116, a second planar portion 118
and a third planar portion 120. The first planar portion
116 is parallel to the third planar portion 120. The second
planar portion 118 is normal to the first planar portion 116
and to the third planar portion 120. The first planar portion
116 is electrically connected to one of the first terminals
104 by a number of fasteners 122. The third planar por-
tion 120 is electrically connected to one of the second
terminals 106 by a number of fasteners 124. The example
second planar portion 118 is a non-rectangular parallel-
ogram, in order to accommodate the width offset and the
height offset between the corresponding terminals
104,106.

[0039] As shown in Figures 6-8, each of the field-con-
figurable jumpers 210,310,410 is a planar U-shaped
electrical conductor.

[0040] While specific embodiments of the disclosed
concept have been described in detail, it will be appreci-
ated by those skilled in the art that various modifications
and alternatives to those details could be developed in
light of the overall teachings of the disclosure. Accord-
ingly, the particular arrangements disclosed are meant
to be illustrative only and not limiting as to the scope of
the disclosed concept which is to be given the full breadth
ofthe claims appended and any and all equivalents there-
of.
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REFERENCE NUMERICAL LIST

[0041]

100

102
104
106
108
110
112
114
116
118
120
122
124
200
202
204
206
208
210
212
214
300
302
304
306
308

310

electrical switching apparatus, such as a circuit

breaker

three poles

plurality of first terminals

plurality of second terminals

plurality of pairs of separable contacts
plurality of field-configurable jumpers
three input phases

three output phases

first planar portion

second planar portion

third planar portion

number of fasteners

number of fasteners

circuit breaker

three poles

plurality of first terminals

plurality of second terminals

plurality of pairs of separable contacts
plurality of field-configurable jumpers
three input phases

three output phases

circuit breaker

pole

plurality of first terminals

plurality of second terminals

plurality of pairs of separable contacts

plurality of field-configurable jumpers
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312

314

316

400

402

404

406

408

410

412

414

load

DC input

DC output

circuit breaker

pole

plurality of first terminals

plurality of second terminals

plurality of pairs of separable contacts
plurality of field-configurable jumpers
load

power source

REFERENCE NUMERICAL LIST

[0042]

100

102
104
106
108
110
112
114
116
118
120
122
124
200
202

204

electrical switching apparatus, such as a circuit

breaker

three poles

plurality of first terminals

plurality of second terminals

plurality of pairs of separable contacts
plurality of field-configurable jumpers
three input phases

three output phases

first planar portion

second planar portion

third planar portion

number of fasteners

number of fasteners

circuit breaker

three poles

plurality of first terminals
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206  plurality of second terminals

208  plurality of pairs of separable contacts
210  plurality of field-configurable jumpers
212  three input phases

214  three output phases

300 circuit breaker

302 pole

304  plurality of first terminals

306  plurality of second terminals

308  plurality of pairs of separable contacts
310  plurality of field-configurable jumpers
312  load

314  DC input

316  DC output

400  circuit breaker

402 pole

404  plurality of first terminals

406  plurality of second terminals

408 plurality of pairs of separable contacts
410  plurality of field-configurable jumpers
412  load

414  power source

Claims

1. Anelectrical switching apparatus (100;200;300;400)
comprising:

at least one pole (102;202;302;402);

a plurality of first terminals (104;204;304;404);
a plurality of second terminals (106;206;306;
406);

a plurality of pairs of separable contacts (108;
208;308;408); and

a plurality of field-configurable jumpers (110;
210;310;410), each of said plurality of field-con-
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figurable jumpers electrically connecting two of
said pairs of separable contacts in series, each
of said plurality of field-configurable jumpers be-
ing electrically connected to: (a) two of said first
terminals (204), (b) two of said first terminals
(304;404) or two of said second terminals (306;
406); or (c) one of said first terminals (104) and
one of said second terminals (106).

The electrical switching apparatus (100) of Claim 1
wherein N is an integer count of said at least one
pole (102); wherein said N of said plurality of first
terminals are input terminals (104); wherein said N
of said plurality of second terminals are output ter-
minals (106); wherein two of said pairs of separable
contacts (108) are electrically connected in series
for each of said at least one pole; and wherein each
of said N of said plurality of field-configurable jump-
ers (110) is electrically connected between one of
said plurality of first terminals that is not one of said
input terminals and one of said plurality of second
terminals that is not one of said output terminals.

The electrical switching apparatus (100) of Claim 1
wherein N is an integer count of said at least one
pole; wherein said N of said plurality of second ter-
minals are input terminals; wherein said N of said
plurality of second terminals are output terminals;
wherein two of said pairs of separable contacts are
electrically connected in series for each of said at
least one pole; and wherein each of said N of said
plurality of field-configurable jumpers is electrically
connected between two of said plurality of first ter-
minals.

The electrical switching apparatus (300) of Claim 1
wherein two of said plurality of first terminals are input
terminals (304); wherein two of said plurality of sec-
ond terminals are output terminals (306); wherein N
is an integer count of said plurality of field-configura-
ble jumpers (310); wherein two of said pairs of sep-
arable contacts (308) are electrically connected to
said output terminals; wherein half of said N field-
configurable jumpers electrically connect half of said
pairs of separable contacts in series between one of
said input terminals and one of said output terminals;
wherein the other half of said N field-configurable
jumpers electrically connect the other half of said
pairs of separable contacts in series between the
other one of said input terminals and the other one
of said output terminals; and wherein said output ter-
minals are structured for electrical connection to a
load (312).

The electrical switching apparatus (400) of Claim 1
wherein one of said plurality of first terminals is an
input terminal (404); wherein another one of said plu-
rality of first terminals is an output terminal (404);
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wherein N is an integer count of said plurality of field-
configurable jumpers (410); wherein one of said
pairs of separable contacts (408) is electrically con-
nected to said input terminal; wherein another one
of said pairs of separable contacts is electrically con-
nected to said output terminal; wherein said N of said
plurality of field-configurable jumpers electrically
connect said pairs of separable contacts in series
between said inputterminal and said output terminal;
and wherein said input terminal and said output ter-
minal are structured to receive the series combina-
tion of a load (412) and a power source (414).

The electrical switching apparatus (300;400) of
Claims 4 or 5 wherein said load is a DC load (312;
412); and wherein said at least one pole is one pole
(302;402) structured to power said DC load.

The electrical switching apparatus (200) of Claim 1
wherein said each of said plurality of field-configura-
ble jumpers (210) is electrically connected to said
two of said first terminals (204).

The electrical switching apparatus (200) of Claim 7
wherein said at least one pole is a plurality of poles
(202) structured to power an AC load having a plu-
rality of phases.

The electrical switching apparatus (300;400) of
Claim 1 wherein said each of said plurality of field-
configurable jumpers (310;410) is electrically con-
nected to said two of said first terminals (304;404)
or two of said second terminals (306;406).

The electrical switching apparatus (300;400) of
Claim 9 wherein said at least one pole is one pole
(302;402) structured to power a DC load (312;412).

The electrical switching apparatus (300;400) of
Claim 10 wherein said plurality of first terminals are
six first terminals (304;404); wherein said plurality of
second terminals are six second terminals (306;
406); wherein said plurality of pairs of separable con-
tacts are six pairs of separable contacts (308;408);
and wherein said plurality of field-configurable jump-
ers are four or five field-configurable jumpers (310;
410).

The electrical switching apparatus (100) of Claim 1
wherein said each of said plurality of field-configura-
ble jumpers (110) is electrically connected to said
one of said first terminals (104) and said one of said
second terminals (66).

The electrical switching apparatus (100) of Claim 12
wherein said at least one pole is a plurality of poles
(102) structured to power an AC load having a plu-
rality of phases.
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14.

15.

The electrical switching apparatus of Claim 1 where-
in each of said plurality of field-configurable jumpers
is a planar U-shaped electrical conductor (210;310;
410).

The electrical switching apparatus of Claim 1 where-
in each of said plurality of field-configurable jumpers
is an electrical conductor (110) including afirst planar
portion (116), a second planar portion (118) and a
third planar portion (120); wherein said first planar
portion is parallel to said third planar portion; wherein
said second planar portion is normal to said first pla-
nar portion and said third planar portion; wherein said
first planar portion is electrically connected to said
one of said first terminals; wherein said third planar
portion is electrically connected to said one of said
second terminals; and wherein said second planar
portion is a non-rectangular parallelogram.
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